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METHOD AND APPARATUS FOR 
A ROLLING CODE LEARNING TRANSMITTER 

BACKGROUND 

The present invention relates to barrier moving operators, such as garage 
door operators, and, more particularly, to learning new security codes to the operator. 

A barrier moving operator usually comprises a barrier movmg umt, or 
opener, such as a controlled motor, and inteUigent activation and safety devices. The 
opener is typically activated in response to an access code transmitted from a remote 
transmitter. RF signaling is the most common means of transmitting the access codes. 

Many barrier moving systems, for example, garage door operators use 
codes to activate the system which change after each transmission. Such varymg codes 
called rolling codes, are created by the transmitter and acted on by the receiver, bo^h of 
which operate in accordance with the same method to predict a next access code to be 
sent and received. A known rolling type access code includes four portions, such as a 
fxxedtransmitternumberidentificationportion,arollingcodeportion,afixedtr^srnitt^^ 

type identification portion, and a fixed switch identification portion. The fixed 
transmitter identification is a unique transmitter identification number. The roUmg 
portion is a number that changes every transmission in order to confirm that the 
transmission is not a recorded transmission. The type identification is used to notify he 
barrier moving operator of the type and features of the transmitter. The switch 
identification is used to identify which switch on the transmitter is being pressed. There 
are systems where the fimction performed is different depending on which switch is 

pressed. . . 

When the garage door operator is installed, the homeowner receives at 
leastonehandheldtransmitterthatisalreadytrainedintotheoperator.lnordertooperate 

the door from a new learning transmitter, there is a two-step learning procedure for 
training the new learning transmitter. First step is to teach the learning transmitter the 
type and potentially the code of the owner's handheld fransmitter. While holding the 
handheldtransmitterafew inches from theleamingfransmitter,pressingandholding the 

handheld transmitter's button active and at the same time pressing the button on the 
leamingtransmitter,theowner teaches the^ccesscodetypeandfrequencytotheleammg 

transmitter. The second step of the learning process is to train the learning transmitt^ 

to the operator. To do this, the learn button on the overhead operator has to be pressed, 

and within 30 seconds the learning transmitter should be activated. 

Thecarmanufacturerspresentlyprovideleamingtransmitterspermanently 

mounted withinacar. When the homeownerpurchasesacarwithaleaming transmitter. 
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me «vo-s,ep procedure tor Ure rolling code type ttansmiaer system must be prfo^ed 
n o^r to L the new learning transmitter to operate the owner's garage door ». 
^TX^^ due to the fact that .he homeowners usually do no. lotow that there 
r rhutn on their g^ge door operator, and secondly, it is tr— 
on a ladder to activate the button on the overhead garage door operator, and then wttan 
30 sel!nd to send transmission to the operator, especially in the case of a car burlt-m 

''"^"^'^^C.presen.ly.whenther.rststepofle^of.hecodebythelearnm^ 
,ransminerisperfonnedirom.heowner-shandheld.ransminer,theleaming™.«e 

tarltion does not have any correlations with the handheld transmitter code, h^ 

rreCautomaticleanUngsystemisinieopardyofreducingthesecurttyofthe^t^^ 

ZXLnsys,em,whichdoesnotprovideacorrelatio„pordonford>ecodetra,ned 

"earning— risused,acodefi.many.ransmittercou,b^^^^^^ 
learning transmitter and then to the door opener to operate the door, so, there .saneed. 

to nrovide a higher level of security for the learning process. 

'"' wore, a need exists for an easier method for training a bamer 

movementoperatorto.eamaroUingc„deftomanewlytrained,eamingtmnsmmer,and 

to provide a higher security level for the operator system. 

SUMMARY 

This need is met and the objects are achieved with the present invention^ 
As described herein, a barrier movement operator provides a method of 
leamingofvahdsecuritycodesbyasecurity code receiver comprising stepsofrecemng 

a Z security code, then within a predetemtmed period of time recetvmg a s cond 
, .St.; code, having a predetermined relationship to the first security code; and stonng 
a reoresentationofthe second security code as a valid security code, 
arepresenta ^^_^^^^^,^„„„,^,„.„p,„,o,,theme,hodforau.omat,oally 

learning a rolhng type access code from a learning ttansmitter ^^^^^^^J^ 
receiving from a first original transmitter a fir^ rolling type access code to move 
0 rre^LcodehavingafixedidentificaUonporiionrecognizedbydieopera^nsavi^ 
rcTdereceived from the first transmitter in die operator, at the same. inie framing the 
re^lgtransmitterbyreceivlngUiefttStrollingtypeaccesscodefiom*^^^^^ 
.emitter and storingarepresentationofthe first rolhngtype access code, then w^^^ 

a predetermined period of time from receiving the first rolling We access -de -ndmg 
S 0 * tera.or a second roUmg .ype access code ftom me learning «a„smitte. Th^ 
"rZuingWeaccesscoder^eivedfromttielea^ingttansmitteriscomparedw* 

rrlng we a^ss code or codes saved in the operator, and, if a P-^— 
Ihlhipexis^betwe^thefirstrollingtypeaccesscodeandthesecondrolhngtype 
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acc=ssoode,«,e^era»r.oresm.,=P— cofhesecondroUtagWeaccesscode 
*^ '^^'"^^rr— d .e,.io„.hip . represented by a corre>a.io„ be«.een 

>„.e„Uon,d„ri.sd>eflrs„eceivi„gs.ep.a«ercpera.orr.^^^^^^^ 

.r .e .^^^^ , , . or » 

.«e...a.rs.— acee.c„de...eope.^.Wer^^^^^ 

transmitter and toe learning transmitter a« placed ~ ~ receives Ure firs. - 

+1.^ Tirct rnlline tvpe access code m the operaior, 
operator, the new transmitter bemg '"'"^ ^J^'^^t new «ansmitter rolling 

type access code tn the g,^ identificafion pordon, 

ner—er roumg code is next in sequence to the 
3Cclc— :operator,a„dthedn^^^^ 

, 3 P— a leanting method aeco^ng to 

. .ommises a receiver tor receiving, learning and responding to 
present mvention comprises ■^^=""f „^„^ ^„i„er for operating 

tnmsmitted rolling code type access codes, at least one traine 
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,1- .^H^tvnp access code to the receiver, the rolling code 
thesystembytransnuttmgarollmgcodetype access cod 

;^U„g acc^. code ftom the .earmng r, compnsmg a recogmzed fixed 

identification po«^n^ ^^^^^ ^^^^^ , , 

"-T-i:!::rxt"::::::crj^^^^^ 
r:i==^ 

Tr , .^, ,nd storins tlie second modified rolling type operation code m the operator. 
":c".nodifiedtypeide„.ificationportionand.witchiden.,fi 

portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 isaperspectiveviewof agaragehavingmountedwithinitagarage 

door operator embodying the present invention; 

FIG 2 is a block diagram of the auto learn system; 

FIG 3 is ablock diagram of a controller mounted within the head umt of 
the garage door operator employed in the garage door operator shown m FIG. 1; 

FIG 4 is a circuit diagram of a rolling code transmitter; 

FIG. 5 is a detailed circuit description of the radio receiver used m the 

FIG. 6 is a schematic diagram of the controller shown in block format in 

FIG. 7 is a representation of codes transmitted by the rolling code 
.ansmitterofna4; ^^^^^ ^^^^^^ ^^^^^^^^ ^^^^^ ,,,, 

transmitter of FIG. 4; 

FIGS. 9 is a flow diagram of the auto learn mode; 
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Refemng now to .he drawings and especially to FIG. 1 , more specificaUy 
._«e.aI:rU.o..3.agedoo.ope..c^^^^^^^ 

„fe.ed.by„u„>e.UOincludesaheadun.U^^o^^^^^^ 
moving activatog receiver 80 includesaroutmeter^po^a^^^^^^ 

a^ess code routine, when used — -"^^tTcodes. An access code 
eapahleofproperlyl^^S^— ^^^^^^ 

learning device of the receiver eu e ^^^^^ received 

Whenmcaccesscodeleanungnrodeiseniered^d-olta^^ 

.ualearned,U.eroUingaccessrou„ne.s«ecu^^^^^^ 
„mngaccesscode.Mo.spe«*=^^^ 

" pie paneled garage door 24 posittoned tor 
havmg an arm 22 extenmng includes a hand-held 

movement along a pair of door rads ^''J^,^^3,'p„,M„„edonthehead,mi, 
.ransminer unit 30 adapted to send srgna^s to ^ » ^fter a leaming transmider 

^^-^rr ^trr—^r^urrsminerah^^ 

31. In this descnption the transmitter , ^.^^smitter 3 lis called the leaming 

operator, is called the 7-~tpol~r.side of the garage having 
transmitter. An external control pad 34 .spos^o^^^^^^^ ^^^ 

apluralityofhuttonsthereonand— — 

antemia32otthehcadumtl2. Aswitchmoa 35, switch 

Theswitchmodule39isconnec.edtothcheadum.l2^^^^^^ 

:::-r::i::r::rr^^^^^^^^^ 

_.cr30ts:iacedinac..P— 

being within a — ^ *e normal transmit button 2. of «>e original 

' :^r3;.::::=scode^otheoperator^^^^^^^ 

.eceivedaccesscodeand^— — 2:~:tmodeofentering.^ 
atthesametimesavingthetimeofsettingin ^f.u^ receiver used. Trainingthe 

,^,„.eatthe«.e^..-^^^^^^ 

3 5 rolling type access code to the leanung ^^^^ 
«,e present emhodimenttspro—res^mg^^^^^^^^^ 

,lwhileholdingtheoper.,onh„„^^^^^^^^ 

boflrbuttons. Theactivattonoftheleammgx ,„ the receiver 80. TheroUing 

aroUingcodctransmissionfromtheleamrngtransmttterSltotherece, 
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•« 1 1 ic iflpntified bv the receiver 80 as coming 

from a learmng transmitter. The receivea b ,„,i^ed for correlation with the 
.he previously saved — er ^^^^ -be collation U 

numberidentificationbecameapomonoftheleanung ^^^^^^^^^^^^^^^ 
.UatU^elearmng— erwas^inedby^eongma™^!^^^^^ 
identification number recognized by the system. 1 . ... , „ ,o .econds, and if 
the auto leam process is within some predetermmed , 
the roihng code fiom me .canting — >s -^ 

transmitter roUing code, the memory 88 , J,ea™ng transmitter 31 as 
Thereafter the operator will recognize access codes fix,™ the learmng 

P"P"^""'tfteprefe.red embodiment the fixed transmitter identificationpottiortis 

._.orccrrrrlusci.rcpre^.aum..«a.^^ 

another embodiment the transmiuc mav be used for this purpose. 

«-^--trp:~ra:r:t'::r-new.d^^ 

, Seneratedha^nT^. ;^a^^^^^^^^ 

identification can be modified to create umqu auto-leamed 
firstswitchidentificafionisusedtooperatetheoperatortta.-^^^ 

codes that can be used for other features One ^r^lt, ^° l„.„d only. 

rgrrcrr:::— 

' hasacontrollcr^rdlemtaS. - controller ^Oinclud. a. w«s^^^^^^^^^ 
.ceives alternating current fiom an alternating cun^t so^^^^^ 

converts the alternating current to requtred levels .,82 to supply 

ineludesasuper-regencrativereceiverSO^-^tn^^^^^^ 

, „ — ed dif IJled by a bus 8a to a non-voUtile 

power supply 72. The microcom ^^^^^^^ 

to the operation of the control umt. Anoosw ^^tector bus 92 to the 

« „d infiared detector 46 is ^'^'^ ^IZ^^^Zt^^- twaUswitch 
3S microcontroller. Theobstaeledetectorbus^tnc d 1-4^ ^^^^^^ 

i::r84t::o::r— u^^^ 
:::::;r;':;:.o/toareiayiogicmoduiei^^^^^^ 

motor 106 having a power take-off shaft 108 coupled to the transmrsston 
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Referring now .0 FIG. 4. fhe original «n^itter 30 is shown .hereinand 
.e,.e.a.«:rLec.ea..^P— s«.^^^^^^^^ 
oneofU.epushbu«on.wi.chesispre.sed.apowe.supp,ya^^^^^^^^^ 
toren^ninsoircuinyfcrme— s.onoseeun^c^^ 
ttansmitter 30 is performed by a microcontroller 678 wh,chrs y 
,„.oanon.vo,a.ilemen,ory6S0,incluamgadnps^ec.^rt^^^^^^^^^ 

,o which and from which serial data may be wntten fteouency oscillator 

.applied. Anou.pntbt^..m^- 

::hen:::r:ro^:^^--r..tobe^^^^^^ 

:radio,.e,uencysignala.ananten„a683 connected 

rizrre:rrt==^^^^^^ 

voltage at conductor 605 is applied via a ^^^^ 

which is a Zilog Z86C233 8-bit in this embodiment. The signal trom sw 

which IS a z.iiog , /;i i to a P32 pin of the microcontroller 678. 

.h.t nin P33 of the microcontroller is pulled up. Similarly, when a swu 
rii^rrisfe^lughadiodeal^tothecrystal^OSaswellaspu^^ 

,ovided.hron^are^s»r~ 
. aresapphedtoIresistor^Swhtchisconpledtoa^U^^.^^^^^^ 
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.itor 633 a variable capacitor 634 for timing, a capacitor 635 and a 
eircuu w.^ a -P^^^^^^^^ I, ,,.p,ed via a capacitor 639 to ground 

capacitor 636. A 30-nanohen^^ .^ 

Thecapacitorhasaresistor640connecteamp ^.^^^^^ 

^ 681 is driven high by the microcontroller, the capacitor 

from lead 681 is onven uig" j , ^ as^ When the capacitor is 

generates therefrom a 20-bit (trinary) roUmg code. The 20 b.t rol g 

Lh a 20-bit fixed code stored in the nonvoladic — ^^^^'l^l 3 

eodeasshowninF.G.7. The"fixed" ^^^""^'^"^'^^^^i' 654. Since 

Refemng now to FIGS. 8A-8B, the How chart set forth therein describes 
Refemngno * filing code from non-volatile memory .s 

the operation of the original transmitter 30. A rolling 
incrementedbytt.ee in step 500, followedbytherolmgcoeb^^^^^^^ 

mission femthetransmitterwhenatransmitter button PU^^^^^^^^ 

binary digits in the rolling code is ^-^^~^j:^lTy'ZZX «-y 

";^grrzr rcrgr::^c^^^ 

rolling code. Theroiimg u mav be appreciated that it is tnnary code, 

:^:;r:;;:zr:!d^^:---^^^^ 

• mr 7 It mav be noted that the bit tuning m FIG. 7 for a U is i.d 
is best seen in FIG. 7. it may oe noic . . , , millUecond down and 1 

. — -ownti e ^.„,.,e 
millisecond up and for a 2, 0.5 millisecona ^^^^^ 

„ .eingidentiFied.al^— ^ 

^ • 19 to determine if the result is equal to zero, it it is, 

rrr;;ir:;r^r«--.— ^^^^ 

cottier Mghest power of 3 IS m«eme^^ »d^^^^^ 

Whether therolli„gcode.^-P^^K--^^^ 
If it has, control is transferred to step 5^/ to c 

timer is tested to determine whether it is active or not. If it is not, test 
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. . .... - . 

counter is incremenled in a step 532. The Dit counic 

aep 534 If the bit counter is not even, control is transferred to a step 536 wh«e the bit 
:7*ff,xed codebit counter dividedby2is output. If thebit counts tsev^^^^^^^^^^^^ 

code bit counter divided by 2 is output in a step 538. By the operatton of »4 

538 the rolling code bits and fixed code bits are alternately transmitted. The btt counts 

Li«d det!rn,inewhetheritissettoe,ualto80inastep540. mtts thebl^^^^^^ 

rsLedinastep542.Ifit>snot>ebi,counteristestedforwhe^er.t,se,u^to2^ 

as,ep544. Ifitis,.heblanktin,eristestedandisstartedinastep544. If the b,t counter 

is not equal to 40, control is transferred back to step 522. 

Tile teceiver 80 is shovm in detail in FIG. 5. RF signals maybe received 
bythecontrol,er70a.theantenna32andfedtothereceiver80.The«oei^^^^^^^ 

a pair of inductors 170 and 172 and a pair of capactors 174 and 176 P™"^ 
L:Lcema.chingbet«eenthean.em.a32andotherportionsofme™^^^ 

trisistor 178 is comtected in common base configuration as a buffer anipl.fler. The RF 
lZrgnalissuppliedonaline200,coupledbe.weenthecollectorofthe.rans>storl78 

aircoZingcap-itor 220. TTtebufferedradio frequency signal is fed«^ 

: :cr222'to: tuned circuit 224 comprising a va^aMe mductor 22^ .r^^^^ 

paLllel with a capacitor 228. Signals from the tuned crcutt - «. oi^a Irn^ 230.O 

a coupling capacitor 232 which is connected to an NPN transistor 234 at i« b^e Jhe 

coZlr 240 of transistor 234 is connected to a feedback capacitor 246 and a feedba^ 

:l::r248.Theemitterisalsocoup.edtothefeedbackcapacitor246a^^^^^^^^^^ 

250 A choke inductor 256 provides ground potential to a pair of resistors 258 and 260 
rwellasacapacitor262.Theresistor258isconnectedtotheb.eof*et™sis.r2^^ 

The resistor 260 is connected via an inductor 264 to the emitter of the trans stor 234. tte 
Il^rignal f^m the transistor is fed outward on a line 212 to an electrolyUc capacitor 

' AS shown in FIG. 5. the capacitor 270 couples die demodulated radio 

ftecuency signal *om transistor 234 to abandpass amplifier 280 to an avenge det^tor 
282 An output of die bandpass amplifier 280 is coupled to pm P32 of a Z86233 
SLcontro*. 85. Similarly, an output of average detector 282 is — ^ « 

S of.hemicrocontroller.TItemiorocontrollerisenergizedby,hepowersupp^y2 

controlled by die wall switch 39 coupled to dte microcontroller by the lead 39a^ Pms P30 
Z P03 of Lcrocontroller 85 a. connected to obstacle detector 90 via condu«or X 

Obs^ e detector 90 transmits a pulse on conductor 92 every 10 mi.lis«onds whe^^ 
°fiaredbeambetweensender42andreceiverhas.otbeenbrokenbyanobstac.e.When 



.„.«.e.a.^^^.— ^^^^ 

— W.e. L.. >0S ---ttp:— ^^^^^^ 

which detect the maximum upward «.vel of door 24 and ^l^— 

. u Qio QTiH Qlh mavbe connected to tne garage s>uu».tux 
of.hedoor.TT.elim,.sw,.ches93aa^d93hm^^^^^ 

physically detectthedoorttave or ^mthcp.s»^^^^ 

,0 a mechanical linkage inside head end 12, "t^'' a™ » . theposition of the 

..proportiontotheacnialdoormoveme^. *e^^^^^^ 

„oved cog. The limit — ™* "^^^ Jdosure is sensed at port P20 of 

:itrrrerdorar— down.si«o.,do^ 

3..e.r— 30.e ddownli— 
RPM signal to control the motor 106 and the light y 

. : — rreUedhyarelaylO^whichresp.^^^^^^ 

85 via driver transistor 107a and the down windings are energized by re y 

H. ,„ nin P02 of microcontroller 85 via a driver transistor 109a. 
responds to P» ^2 of m ^^^.^^^^ ^ „ 

bacnoimcp ThPlieht can thus be turned on by 

hi,suchasaflip/flop.wHchcanhew,,«»and^^^^ 

o al " 1 " in the bit associated with pm FU l wnicn wm 
° r2er:-causingthe.igh..o,i^^— 

P02areus.toc.«.the.a.^^^^^ 

switchl51,w:cMsloca.edattheheaduni.l2. — ^^^^^^^ 

.witch 151 to determine Whether « - r^jriL to the'accepted 
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6 seconds or more, all memory settings are overwritten and a complete releaming of 
transmitter codes and the type of codes to be received is then needed. However, in the 
system of the present invention, by preprogramming, the microprocessor 85 is instructed 
to interpret as setting of the auto leam mode the press and hold of the operation button 
5 on the original transmitter while energizing a new code transmitter. 

In the preferred embodiment of the present invention the auto leam mode 
is set when the operator receives within a short pre-programmed time two rolling codes 
from an original transmitter and a new transmitter having correlated fixed identification 
portions and a one-operation difference between the rolling code portions. Li another 
1 0 embodiment, the auto leam mode starts when the door stops in a mid-open position. Also 
in another embodiment, in order to provide higher security, the auto leam mode starts only 
after the door is first closed and then opened by the pre-trained transmitter. 

Fig. 9 represents the flow chart of the auto leam method of the present 

15 invention. 

In step 750, a determination is made whether the operator received an 
access code from a rolling code transmitter. When step 750 identifies that a rolling code 
is received, the auto leam mode begins, and step 752 is performed to save information 
received from the transmitter and time when the code was received. Then the flow 
2 0 proceeds to step 754 to determine if the operator is activated by the access code received 
from the transmitter. This step gives more time to the owner to activate the handheld 
transmitter. If the response is positive, the transmitter information and the time of 
activation is saved for fiirther references in step 756, and in the next step 758 a 
determination is made whether the operator received a transmission from a new 

2 5 transmitter. If a rolling code transmission is received from a new transmitter, the 

determination is made in step 760 whether the new transmitter is a learning transmitter. 
If yes, then the new rolling code is compared with the saved rolling code to determine 
whether the present rolling code has a one-operation difference with the saved rolling 
code. If no match is found, flow proceeds to step 770 and the code is rejected and a return 

3 0 is executed to step 750. When step 762 determines that the present rolling code is next 

in sequence to the past rolling code, in step 764 the fixed identification portion of the 
present rolling code is compared with the past code fixed identification portions. When 
no correlation is detected, the flow proceeds to step 770, where the learning process is 
terminated and a return is executed. When step 764 detects a correlation, flow proceeds 
3 5 to step 766. If not, flow proceeds to step 770. Step 766 determines whether the proper 
code from the learning transmitter was received within predetermined time limits, e.g. 30 
seconds. If the process has taken longer than the maximum predetermined period, the 
flow goes to step 770. If yes, flow proceeds to step 768 to store the learning transmitter 
access code into the operator memory. 
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The performance of step 768 concludes the learning process, which began 
with setting of the auto learn mode in step 752. 

In the present embodiment the brief auto leam mode is entered at any 
reception of a proper rolling code by the operator. Greater security may be achieved by 
5 entering the auto leam mode only after the performance of some other fimction initiated 
by the original transmitter. For example, the auto leam mode could be set to start only 
when a garage door is first closed then raised and stopped on intermediate position in 
response to commands from the original transmitter. 

While there has been illustrated and described a particular embodiment of 
1 0 the present invention, it will be appreciated that nimierous changes and modifications will 
occur to those skilled in the art, and it is intended in the appended claims to cover all those 
changes and modifications which fall within the tme spirit and scope of the present 
invention. Byway of example, the transmitter and receivers of the disclosed embodiment 
are controlled by programmed microcontrollers. The controllers could be implemented 
15 as application specific integrated circuits within the scope of the present invention. 



